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,QWURGXFWLRQ
4XDUW] VDQGV LV WKHPRVW VLJQLILFDQW QRQPHWDOOLF UDZPDWHULDO WKDW LV XVHG DV WKH LQJUHGLHQW LQ JODVV IRXQGU\
FDVWLQJ FHUDPLFV ILOWHUV SODVWLF DQG PDQ\ RWKHU DSSOLFDWLRQV DQG WKH SXULILFDWLRQ RI TXDUW] VDQGV LV H[WUHPHO\
LPSRUWDQWIRUPDQ\LQGXVWULHV7KHVHLQGXVWULHVUHTXLUHGWKHGLIIHUHQWFRQWHQWRILURQFRQFHQWUDWLRQLQTXDUW]VDQGV
%LROHDFKLQJRIVLOLFDWH LQGXVWULDOPLQHUDOV LVDFRQYHUVLRQRIXQGHVLUDEOH LQVROXEOH LURQPLQHUDOV LQWRDVROXEOH
IRUPE\PHWDEROLFDFWLYLWLHVRUSURGXFWVRIPLFURRUJDQLVPV7KHVXFFHVVIXOELROHDFKLQJRIVXFK LQGXVWULDOVLOLFDWH
PLQHUDOVRU WKHLURQGLVVROXWLRQXVLQJELRORJLFDOPHWKRGVKHWHURWURSKLFEDFWHULDDQGIXQJLKDV ORQJEHHQVWXGLHG
RQO\ LQ ODERUDWRU\ FRQGLWLRQV +H HW DO  *XR HW DO  3DSDVVLRSR HW DO  7KH FRQWUROOHG
HQYLURQPHQWDO FRQGLWLRQV LQ ODERUDWRU\VFDOH WHVWV ZHUH IRU WKH ILUVW WLPH YHULILHG E\ EDVLQV OHDFKLQJ 7KLV
ELROHDFKLQJ SURFHVV LQYROYHV VWDWLF FRQGLWLRQV DQG WKH LURQ GLVVROXWLRQZDV FDXVHG E\ WKH DGVRUSWLRQ RI EDFWHULDO
FHOOVWRWKHPLQHUDOVXUIDFHVDQGEDFWHULDOSURGXFWLRQRIDFWLYHPHWDEROLWHVâW\ULDNRYi,HWDO
7KHSXUSRVHRIWKHSUHVHQWVWXG\ZDVWRYHULI\IRUWKHVHFRQGWLPHWKHH[WHQWRIEDFWHULDOLURQUHPRYDOLQWKHSLORW
SODQW VFDOH$ SDUW RI SLORW H[SHULPHQWZDV GHVLJQHG WR GHWHUPLQH WKH IHDVLELOLW\ RI XVLQJ ELJEDJV LQ WKH LQVLWX
ELROHDFKLQJLQLPSURYHPHQWRITXDOLW\RITXDUW]VDQGV
0DWHULDOVDQGPHWKRGV
2.1 Quartz sands and equipment  
In-situELROHDFKLQJSURFHVVHVZHUHDWWHVWHGE\WKHSLORWSODQWRQTXDUW]VDQGV4RIâDãWtQGHSRVLWLQELJEDJVLQ
WKHVHFRQGUHSHDWHGH[SHULPHQW7KHUHVXOWVZHUHFRPSDUHGZLWKWKHILUVWH[SHULPHQWZKHQWKHELJEDJVZHUHQRW
XVHGâW\ULDNRYi,HWDO(OHPHQWFRPSRVLWLRQRI4EHIRUHDQGDIWHUWUHDWPHQWVLVOLVWHGLQ7DEOH
7DEOH&KHPLFDOFRPSRVLWLRQRITXDUW]VDQGVEHIRUH4DIWHUELROHDFKLQJ4%/
DIWHUELROHDFKLQJDQGPDJQHWLFVHSDUDWLRQ4%/06
&RQFHQWUDWLRQ 6L2 $O2 )H2 7L2 &D2 0J2 1D2 .2 0Q2
4         
4%/         
4%/06         

7KH HOHPHQWV RI WKH VROLG VDPSOHV ZHUH DQDO\]HG RQ WKH IXVHG EHDGV XVLQJ DQ HQHUJ\ GLVSHUVLYH ;UD\
IOXRUHVFHQFHVSHFWURPHWHU6SHFWUR;/$%*HUPDQ\0RUHRYHUJODVVEHDGVZHUHSUHSDUHGE\IXVLRQRIWKH
VDPSOHVZLWK/L%2  J GULHG VDPSOH  J/L%2'LVVROYHG)HZDVPHDVXUHG VSHFWURSKRWRPHWULFDOO\
XVLQJ WKHRSKHQDQWKUROLQHPHWKRG+HUUHUDHWDO6WXFN\DQG$QGHUVRQDQGSDUDOOHO OHDFKDWHVZHUH
DQDO\]HG ZLWK WKH 0RGHO  9DULDQ DWRPLF DEVRUSWLRQ VSHFWURPHWHU 9DULDQ ,QF 0HOERXUQH 9LF $XVWUDOLD
5HGR[SRWHQWLDO DQGS+ZHUHPHDVXUHGZLWKSODWLQXPDQG VLOYHU FKORULGH HOHFWURGHV *357$*UHLVLQJHU
*HUPDQ\ *OXFRVH FRQVXPSWLRQ ZDV DVVD\HG IRU WRWDO FDUERK\GUDWH E\ WKH PHWKRG RI 'XERLV HW DO  7KH
FRQFHQWUDWLRQRIR[\JHQZDVGHWHUPLQHGE\2[LPHWHU+4'+$&+*HUPDQ\;UD\GLIIUDFWLRQRISRZGHUHG
VDPSOHVZDV FDUULHG RXWZLWK WKH 6LHPHQV' GLIIUDFWRPHWHU 6LHPHQV*HUPDQ\ XVLQJ &X. UDGLDWLRQ 7KH
VDPSOHVZHUH VFDQQHG DW LQFUHPHQWV RI R șZLWK D V FRXQWLQJ WLPH 7KH HOHFWURSKRUHWLFPRELOLW\ RI WKH
TXDUW] VDQGV 4 EHIRUH DQG DIWHU PLFURELDO OHDFKLQJ ZDV PHDVXUHG ZLWK WKH =HWD3OXV DSSDUDWXV %URRNKDYHQ
,QVWUXPHQWV &RUSRUDWLRQ 'U\ PDJQHWLF VHSDUDWLRQ ZDV FDUULHG RXW XVLQJ WKH ODERUDWRU\ KLJK JUDGLHQW PDJQHWLF
VHSDUDWRU0%ZLWKWKHLQGXFWLRQRIPDJQHWLFILHOGDW7
2.2 In-situ bioleaching 
7KHin-situELROHDFKLQJH[SHULPHQWVZHUHFDUULHGRXWZLWKWRQVRI4LQIL[HGEDVLQFRQWDLQHUYROXPH
P ILOOHG ZLWK D OHDFKLQJ VROXWLRQ FRQVLVWLQJ RI  O IUHVK VXUIDFH ZDWHU VXSSOHPHQWHG ZLWK SHU OLWUH  J
1D+32J1+62J1D('7$DQGJ1D&O0RUHRYHUORIWHFKQLFDOJUDGHJOXFRVHV\UXS$
SHUOLWUHRIPHGLDZDVDGGHGLQWRWKHFRQWDLQHUUHVSHFWLYHO\7KHFRPSRVLWLRQRIWKHRUJDQLFPHGLXPSURPRWHVWKH
DFWLYLW\RILQGLJHQRXVKHWHURWURSKLFEDFWHULD)XQJLJURZWKZDVLQKLELWHGE\WKHDGGLWLRQRIJO1\VWDWLQ7KH
FRQWDLQHUZDVLQFXEDWHGXQGHUVWDWLFDPELHQWFRQGLWLRQVIRUPRQWKV7KHOLTXLGSKDVHZDVUHSODFHGIRXUWLPHVZLWK
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ORIIUHVKPHGLXP7KHOHDFKDWHVZHUHVDPSOHGIRULURQDQGJOXFRVHDQDO\VLV3RO\SURS\OHQH%,*%$*6[
 [  FP &21523 6ORYDNLD ZDV XVHG DV SDFNDJLQJ RI WKH TXDUW] VDQGV 7KH IDEULF FRQVWUXFWLRQ HQVXUHV
OHDFKDWHSHUPHDELOLW\RIEDJVZKLFKLVVXEVWDQWLDOIRUWKHUHOHDVHRIEDFWHULDOLURQ
5HVXOWVDQGGLVFXVVLRQ
3.1 In-situ bioleaching and washing of Q1 
7KH ODERUDWRU\ H[SHULPHQWV RI TXDUW] VDQG ELROHDFKLQJZHUH YHULILHG WZLFH GXULQJ in-situ FRQGLWLRQV LQ EDVLQV
FRQWDLQHUVZLWKRXWXVLQJELJEDJVâW\ULDNRYi,HWDODQGVHFRQGWLPHLQWKLVVWXG\ZKHUHWKHLQIOXHQFHRI
XQVWHULOHFOLPDWLFFRQGLWLRQVDQGWKHXVLQJELJEDJVLQEDVLQVZDVWDNHQLQWRWKHFRQVLGHUDWLRQ)LJ

 
D E F
)LJ7KHIL[HGEDVLQFRQWDLQHUDXVHGIRUELROHDFKLQJRI4EZLWKRXWOHDFKLQJVROXWLRQFZLWKOHDFKLQJVROXWLRQDQGZLWKELJEDJV
%LROHDFKLQJRITXDUW] VDQGV LQELJEDJV LQ WKH VHFRQGH[SHULPHQW FRPSDUHG WRELROHDFKLQJ LQEDVLQV VKRZHGQR
GLIIHUHQFH LQ EDFWHULDO GLVVROXWLRQ RI LURQ 7KH UHSODFHPHQW RI OHDFKDWHV IRU IUHVK PHGLXP ZDV VLPSOHU DQG WKH
PDQLSXODWLRQZLWKTXDUW]VDQGVLQELJEDJVZDVVLPLODUWRWKHOHDFKLQJRIWHDEDJV7KHELROHDFKHGTXDUW]VDQGZDV
WDNHQIURPOHDFKDWHVIURPWKHEDVLQE\FUDQH7KHOHDFKDWHVZHUHVDPSOHGIRULURQDQGJOXFRVHDQDO\VLV)LJ7KH
FRQFHQWUDWLRQ RI )H LQ VROXWLRQ LQFUHDVHG IURP PJO WR PJO DIWHU  GD\V RI LQFXEDWLRQ LQ D EDVLQ DQG
DOWKRXJKWKHDGGLWLRQRIJOXFRVHFRQFHQWUDWLRQZDVORZHULQPJOWKDQLQWKHILUVWELROHDFKLQJH[SHULPHQWLURQ
GLVVROXWLRQZDVVLPLODUDVLQWKHILUVWVWHSRIELROHDFKLQJ)LJ$)LJXUH%VKRZHGWKHVHFRQGVWHSRIGLVVROXWLRQ
RILURQWRPJOZKDWLVLQPJO)HORZHUFRQFHQWUDWLRQGXULQJSURORQJDWLRQRIELROHDFKLQJWLPHIURPWR
GD\VWKDQLQWKHILUVWELROHDFKLQJH[SHULPHQWKRZHYHUJOXFRVHFRQFHQWUDWLRQLQFUHDVHGWRPJOWDNLQJLQWR
DFFRXQWWKHSRVVLELOLW\RIWKHEDFWHULDODFWLYLW\LQFUHDVLQJLQLURQUHPRYDO,QWKHWKLUGVWHS)LJ&RIELROHDFKLQJ
LURQFRQFHQWUDWLRQZDVPJODIWHUQH[WGD\VEXWEDFWHULDFRQVXPHGPJORIWKHJOXFRVHFRQFHQWUDWLRQ
DIRXUWLPHVKLJKHUFRQVXPSWLRQWKDQLQWKHILUVWH[SHULPHQWEXWZLWKORZHULURQGLVVROXWLRQ/LNHZLVHORZHULURQ
FRQFHQWUDWLRQ  PJO )H ZDV REWDLQHG GXULQJ WKH IRXUWK VWHS RI ELROHDFKLQJ )LJ ' DQG WKHQ WKH JOXFRVH
FRQVXPSWLRQZDVVWRSSHGRQWKHWKGD\RIELROHDFKLQJE\GHFUHDVLQJZDWHUWHPSHUDWXUHWRR&7KHSUHVHQFHRI
RUJDQLF IHHGVWRFN SURPRWHG WKH JURZWK RI LQGLJHQRXV KHWHURWURSKLF EDFWHULD 'XULQJ WKH LQFUHDVLQJ RI JOXFRVH
FRQFHQWUDWLRQ DQG GHFUHDVH RI WHPSHUDWXUH QR KLJKHU )H GLVVROXWLRQ LQ DQDHURELF FRQGLWLRQ ZDV REVHUYHG 7KH
PHGLXP ZDV UHSODFHG DIWHU WKH PD[LPDO FRQFHQWUDWLRQ RI LURQ LQ VROXWLRQ SUHYHQWHG WKH LURQ UHR[LGDWLRQ DQG
SUHFLSLWDWLRQ,QWKLVZD\LWZDVSRVVLEOHWRUHPRYHLURQIURPWKHTXDUW]VDQGE\SLORWSODQWELJEDJVELROHDFKLQJLQ
EDVLQV
8QGHUDVHFRQGSLORWSODQWZLWKVWDWLFELROHDFKLQJFRQGLWLRQV WKH LQLWLDOR[\JHQFRQWHQWRIPJO2ZDV
FRQVXPHG E\ PLFURELDO UHVSLUDWLRQ WR  PJO 2 ZLWKLQ  GD\V LQGLFDWLQJ WKH IRUPDWLRQ RI DQ DQDHURELF
HQYLURQPHQW 7KH YDOXH RI WKH LQLWLDO UHGR[ SRWHQWLDO P9 GHFUHDVHGZLWKLQ  GD\V WR ±P9 LQGLFDWLQJ
UHGXFLQJFRQGLWLRQV7KHEDFWHULDOJURZWKSURGXFHGRUJDQLFDFLGZLWKLQGD\VRILQFXEDWLRQRITXDUW]VDQGVLQWKH
SUHVHQFHRI QR VWHULOH ELROHDFKLQJ FRQGLWLRQV DV WKH S+GHFUHDVHG IURPS+ WR S+7KH S+GHFUHDVHZDV
QHXWUDOL]HGDWHDFK UHSODFHPHQWRI WKHPHGLXP7KH WHPSHUDWXUHVRIPHGLDGXULQJ-XO\DQG6HSWHPEHUZKHQ WKH
ELROHDFKLQJZDVFDUULHGRXWZHUHUHSRUWHGLQWKHUDQJHIURPWR&
7KH JRHWKLWH RQH RI WKH LURQ R[\K\GUR[LGH RFFXU RQ WKH TXDUW] DQG IHOGVSDU SDUWLFOHV VXUIDFH DV FRDWLQJV RQ
JUDLQV LPSUHJQDWLRQV LQ WKHPDWUL[ RU LQ IRUP RI ILQH LQGHSHQGHQW JUDLQV'XULQJ WKH TXDUW] VDQGV ELROHDFKLQJ
JRHWKLWH ZDV GLVVROYHG ,Q )LJ  UHVXOWV IURP WKH ]HWD SRWHQWLDO PHDVXUHPHQWV RI 4 VDPSOH EHIRUH DQG DIWHU
ELROHDFKLQJZHUHFRPSDUHG7KH]HWDSRWHQWLDOZDVFRPSDUDEOHZLWKWKHVXUIDFHFKDUJHRISDUWLFOHV$VLWLVVKRZQ
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WKHUHLVDVKLIWRI]HWDSRWHQWLDOFXUYHVRIERWKTXDUW]VDQGVEHIRUHDQGDIWHUELROHDFKLQJWRPRUHQHJDWLYHYDOXHVLQ
VWXGLHG S+ UDQJH $SSDUHQWO\ WKH VKLIW UHIOHFWV D ORVV RI )HLRQV IURP WKH VXUIDFH RI TXDUW] SDUWLFOHV LQWR WKH
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